Plant materials
A. aestivalis was grown in greenhouses at the National Institute of Floricultural Science Tsukuba, Ibaraki, Japan , and mature petals were harvested.
Quantifi cation of carotenoids
The total carotenoid content was calculated using the extinction coeffi cient of E 1 cm 2100 at λ max 470 nm 9, 10 .
In the HPLC analysis, the relative compositions of individual carotenoids were estimated from the peak area detected at 470 nm 10 . The carotenoid content and composition are listed in Table 1 .
Extraction and isolation of carotenoids
The petal of A. aestivalis 16 g was extracted with ethanol at room temperature. The ethanol extract was concentrated to dryness. The residue was subjected to HPLC on silica gel, as shown in Fig. 1 . Individual peaks obtained by HPLC were collected and identified from spectroscopic data such as the UV-VIS, FAB MS, 1 H-NMR, and CD data.
Hydrolysis of esterifi ed carotenoids with lipase
A 5-mL ethanol solution of carotenoid ester 0.2 mg/5 mL 
RESULTS AND DISCUSSION

Carotenoid content and composition in the petals of A.
aestivalis. Carotenoids in the petals of A. aestivalis were separated by preparative HPLC on silica gel Fig. 1 . Nine fractions were obtained. They were identifi ed by means of UV-VIS, anthin diester ester 72.2 was found to be the major component, followed by 3S -adonirubin monoester 13.8 and 3S,3 S -astaxanthin monoester 9.5 . β-Carotene, echinenone, canthaxanthin, 3S -adonirubin, 3S,3 S -astaxanthin, and 3S,3 R -adonixanthin were also identifi ed as minor components.
Characterization of astaxanthin and adonirubin
esters. In the present investigation, carotenoid esters were obtained as a mixture of individual fatty acid esters. These esters were characterized by 1 H-NMR and FAB-MS data.
The 1 H-NMR spectral data provided structural information on both carotenoid 11 and fatty acid moieties 12 . From the 1 H-NMR data, it was found that the fatty acids esterified with astaxanthin and adonirubin were saturated or monounsaturated fatty acids. FAB-MS was used to characterize the molecular ions M of the individual carotenoid esters. Therefore, the individual esterifi ed fatty acid was assigned on the basis of the number of carbons and double bonds in the fatty acid moiety, as calculated from the difference between the mass number of the individual carotenoid and that of the carotenoid ester.
The molecular ion peaks of the astaxanthin monoester were detected at m/z 862, 860, 834, 832, 806, 778, and 750, and were assigned to astaxanthin octadecanoate ast-C18:0 , octadecenoate ast-C18:1 , hexadecanoate ast-C16:0 , hexadecenoate ast-C16:1 , tetradecanoate ast-C14:0 , dodecanoate ast-C12:0 , and decanoate ast-C10:0 , respectively, as shown in Table 3 . Fourteen molecular ion peaks were observed in the astaxanthin diester fraction by FAB-MS. Individual fatty acid esters were also assigned on the basis of the difference between the mass number of astaxanthin diester and that of astaxanthin and by considering the constitution of fatty acids esterifi ed with astaxanthin monoesters. For example, an astaxanthin diester having a molecular weight of 1124, consisting of two fatty acids with a total of 36 carbons and two double bonds, was compatible in structure with astaxanthin di-octadecenoate ast-C18:1 and C18:1 . Similarly, molecular ion peaks of astaxanthin diesters detected at m/z 1128, 1126, 1100, 1198, 1196, 1172, 1170, 1168, 1044, 1042, 1016, 988, and 960 were assigned as shown in Table 2 . Among these diesters, two possible structures could be considered for astaxanthin diesters with molecular ion peaks at m/z 1198, 1170, 1044, 1042, and 1016 Table 2 .
Seven molecular ion peaks were observed in the adonixanthin monoester fraction by FAB-MS. The individual adonirubun monoester were assigned in a similar manner as that described above, as shown in Table 4 . This is the fi rst report pertaining to the characterization of the adonirubin monoester.
The fatty acids of astaxanthin and adonirubin esters extracted from the petals of A. annua were identifi ed as octadecanoic acid C18:0 , octadecenoic acid C18:1 , hexadecanoic acid C16:0 , hexadecenoic acid C16:1 , tetradecanoic acid C14:0 , dodecanoic acid C12:0 , and decanoic acid C10:0 .
The composition of individual carotenoid esters was estimated on the basis of the intensity of the corresponding molecular peaks obtained using FAB-MS 10 . The compositions of individual carotenoid esters expressed as a percentage of the total fraction of astaxanthin diesters, astaxanthin monoester, and adonirubun monoester are shown in Tables 2, 3 , and 4, respectively Astaxanthin esters have been reported in several crustaceans 10, 13 16 and in green algae Haematococcus pluvialisby 17, 18 using GC 13 15 , LC-combined FD-MS 16 , LC/AP-CI-MS 17, 18 , and FAB MS 10 methods. The esterified fatty acids found in astaxanthin esters extracted from crustaceans were mainly C18:0, C18:1, C16:0, C16:1, C22:6, C20:5, and C20:4 10, 13 16 . In green algae H. pluvialisby , C18:3, C18:2, C18:1, and C16:0 were found to be major fatty acids esterifi ed with astaxanthin 17, 18 . On the other hand, saturated and monounsaturated fatty acids were identifi ed as esterifi ed fatty acids with carotenoids in A. aestivalis. Polyunsaturated fatty acids were not found. These fatty acid compositions were similar to those of lutein esters in marigold fl owers, Tagetes erecta 19, 20 .
CONCLUSION
Carotenoids, including their fatty acid esters, extracted from the petals of A. aestivalis were investigated by UV-VIS, 1 H-NMR, FAB-MS, and CD spectrometry. 3S,3 S -astaxanthin and 3S -adonirubin, including their fatty acids esters, were found to be the major components and β-carotene, echinenone, canthaxanthin, and 3S,3 R -adonixanthin, the minor components. This is the fi rst report pertaining to the characterization of the adonirubin fatty acid ester.
